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Low English proficient (LEP) patients seeking medical care often have a difficult time explaining their illness and understanding their doctor's instructions and treatment plan. Language problems impact multiple aspects of health care including access, patient-physician communication, satisfaction with care and patient safety. 2 This results in LEP patients being more likely to experience adverse medical events of a serious nature and having difficulty adhering to their treatment plan. 3 LEP patients receiving care without qualified interpreters have a poor self-reported understanding of their diagnosis and treatment plan and frequently wish their doctors had explained things better. 4 To avoid these problems, it is imperative that LEP patients be provided with qualified, professional interpreters to help them navigate our health care system. Kaliner et al. described a professional interpreter as one who is paid by a hospital or health system to interpreter. 5 Training can vary between institutions. Research has shown that the use of untrained, ad hoc interpreters or family members can result in disastrous mistakes. Ad hoc interpreters can misinterpret or omit up to half of physicians' questions, are more likely to commit errors with clinical significance, have a higher risk of not mentioning medication side effects, and may ignore embarrassing issues (especially when children are used to interpret). 3, 6, 7 From an economical standpoint, it has been found that LEP patients stay in the hospital between 0.7 and 4.3 days longer than English speaking patients with similar conditions. 8 In addition non-English speaking patient have a higher 30-day readmission rate compared to their English speaking counterparts. 9 This research did not address the use of professional interpreters though and its effect on LOS or readmission. More recently it's been shown that providing LEP inpatients with trained medical interpreters throughout their hospital stay can reduce their LOS by almost a day. 10 Our objective was to examine hospital length of stay (LOS) and 30-day readmission rates among LEP patients and compare those rates with a patient's access to professional interpretation. We tried to determine if the timing of interpretation, at admission, discharge or some other time during a patient's stay was associated was LOS and readmission.
METHODS
Study Design. This study is a retrospective analysis of length of stay and 30-day readmission rates among patients who were admitted to a tertiary care, university hospital. We examined patterns of language interpretation during each patient's hospital stay. We then compared these patterns with hospital registration information that documents patients' preferred language and their need for interpretation with records kept by the hospital's department of interpreter services documenting all interpretations done for hospitalized patients.
Participants. At the hospitals that this study took place, after being assessed for being bilingual in oral and written language, all professional interpreters are required to attend a 90-hour interpreter training that includes 45 hours of class didactics and 45 hours of clinical practicum. The study dataset includes three sources of data: admission/registration information, medical records, and language service encounter data. Using administrative records collected and maintained by the hospital that record patients' interpretation needs, we abstracted data from hospital admission records for all patients that included an indicator that patients both spoke a language other than English and requested an interpreter. We obtained diagnostic and procedure hospital records for all adult (aged 18 and older) LEP patients who were admitted between 1 May 2004 and 30 April 2007. Our study population includes all patient admissions that had at least one interpretation event during their hospital stay. Initially, 3127 patients were included in the study. Of these the following admissions were excluded from the analysis: 54 patients who were not admitted into the hospital (i.e., a LOS of 0) and two patient admissions who had extremely long stays in the hospital of 153 and 289 days, respectively. The study population includes 3071 admissions with a LOS between 1 and 85 days.
Main Measures. Hospital administrative data contained several patient characteristics, including age, gender, and length of stay. As a measure of severity of illness, we used the hospital's diagnoses cost weight that accounts for differences in patients' illness burden. Among the 3071 patients in the study population these weights ranged from 0.28 to 20.04, where higher weights indicate more severe illness. Using the primary diagnosis recorded in hospital administrative records, we created an additional major diagnosis category to distinguish patients admitted for cardiovascular conditions. We also used administrative data to obtain patient's preferred language. A description of the study measures is presented in the Appendix (available online).
We merged encounter data collected by the language services department with administrative data containing patient characteristics and pertinent clinical information, including diagnoses and a measure of clinical severity. Using encounter data to assess whether or not interpretation occurred at admission and discharge, we compared date of interpretation with admission and discharge dates. For each patient, we created a single categorical indicator that defined four possible conditions between hospital dates and encounter with an interpreter-0, no interpreter either on day of admission or on day of discharge; 1, interpreter on admission, but not discharge; 2, interpreter on discharge day, but not admission; and 3, interpreter on day of admission and day of discharge.
Using date of admission and discharge we calculated length of stay (LOS) in days for all patients. Patient LOS in days is skewed such that about 75 % of patients were hospitalized less than 6 days. Hence, we conducted sensitivity analysis by examining the log of length of stay as an outcome variable, see online appendix.
We used analysis of variance (ANOVA) to assess differences in age and severity of illness among patients with no interpreter at admission/discharge, admission only, discharge only, and interpreter encounter on both admission and discharge date. All patients had at least one interpreter encounter. We also compared patterns of interpretation by patient's language for the five main language groups.
To examine patterns of interpretation and patients' length of hospital stay, we used multivariable models that controlled for patient characteristics, including age, gender, language, primary diagnosis, and illness severity. To account for effects of patients repeated hospital stays, we conducted mixed model regression with a random effect for patient. To explore the effects of patient age and severity of illness on the LOS, we fit a number of linear models including main effects and various 2-way interactions. These models were fit by mixed model regression using SPSS (IBM SPSS Advanced Statistics 18, Chicago, IL). To examine whether or not the association of age and severity with LOS was non-linear, we added a quadratic function (i.e., age squared and severity squared) to provide the best fit of the association. As length of stay is a skewed outcome measure, we transformed length of stay using a log of LOS to "normalize" the distribution.
Results of this sensitivity analysis using log of LOS as the dependent variable are presented in the online appendix. We report the final model that contains independent variables listed as follows: language, gender, age, severity, primary diagnosis, and pattern of interpretation (no interpreter on either admission or discharge, interpreter on admission only, interpreter on discharge only, and interpreter on both admission and discharge (reference category).
We also examined patient characteristics, including interpretation, associated with patients being readmitted to the hospital within 30 days. According to Benbassat & Taragin, 11 "most preventable readmissions have been reported to occur early, within one month of discharge . . . ". We used the same patient characteristics included in models examining length of stay in logistic regression models with readmission within 30 days as the dependent variable. In addition, since length of stay (LOS) is associated with readmission within 30 days, 12 we also included LOS as an additional covariate in the logistic regression model.
This study was reviewed, approved, and monitored by the University of Massachusetts Medical School Institutional Review Board. It received an exemption from requiring informed consents.
RESULTS
Of LEP patients in the study sample, 90 % spoke 1 of 5 languages. Spanish and Portuguese were the most commonly interpreted languages, but. 65 different languages comprised the "other" languages Table 1 . Table 2 shows that 39 % of hospitalized LEP patients had language interpretation services on both day of admission and day of discharge, while 14 % had interpreters neither on day of admission or day of discharge. Spanish and Portuguese speaking patients were most likely to have interpreters on admission and discharge. Patients speaking less prevalent languages were most likely to not have interpretation services on both admission and discharge. Table 3 shows that patients who did not have an interpreter present on admission and discharge were older and had the highest average cost weight (1.98), which was the highest of all four language interpretation groups. These two characteristics were included in multivariable regression models to control for severity and age effects on length of stay. Their associations were nonlinear and the best fit was using a quadratic function for both severity and age. Table 4 shows the results of a mixed-model regression for length of stay in days (LOS) with a random effect for patients that accounts for the association of repeat hospitalization on differences among patients. Adjusted for all patient characteristics (i.e., age, gender, illness severity, and main primary diagnoses), no statistically significant differences in length of stay were observed among the different language groups. In general, men were in the hospital slightly longer than women, a little over one-half of a day (regression coefficient=0.69). Patients with a primary diagnosis other than cardiovascular disease were hospitalized shorter than other patients (β=-2.07, SE=0.33).
The regression model used to adjust for patient characteristics used a quadratic function to account for non-linear effects of age and illness severity. Younger patients are hospitalized longer with a decline in length of stay among middle-aged patients with increasing length of stay for older patients. The severity of illness coefficients for severity and severity squared (β=2.30, SE=0.14 and β=-0.02, SE=0.01, respectively) indicate a steep increase in length of stay associated with severity that flattens out among the oldest patients.
Patients who did not have an interpreter present on both admission and discharge days were in the hospital about 1.5 days longer than patients who had interpreters on both days (β=1.49, SE=0.46). In addition, patients who had interpreter present on discharge but not admission days had longer LOS (β=0.87, SE=0.36). Figure 1 shows the mean adjusted LOS for the four interpretation conditions, controlling for age, illness severity and other patient characteristics. Means shown in the figure are for a female, 60-year-old patient with a severity index of 1.05. Patients who received interpreters on both admission and discharge days had a mean LOS of 2.57, whereas patients who received interpretation neither on admission nor discharge days had a mean adjusted LOS of May not sum to 100 % due to missing data 5.06 days, significantly longer, P<0.001. The figure shows that the lower limit for no admission/discharge interpretation is 4.35 days and the upper limit for both conditions for having an interpreter on day of admission (i.e., interpreter at admission and not discharge; interpreter at both admission/ discharge day) are less than 4.35 (3.38 and 3.11, respectively). Hence, those patients who had no interpreter on admission and discharge were in statistically significantly longer than patients who had an interpreter at admission, regardless of whether or not they had an interpreter present on discharge day. Of the 3060 patient admissions we examined for readmission, 529 (17.3 %) were readmission events within 30 days of discharge. The 30-day readmission rates for four patterns of interpretation are as follows: 24.3 % (103) of the 423 patient admissions who did not have an interpreter present either at admission and discharge were readmitted within 30 days, compared to 16.9 % (163/963) of patients with an interpreter at admission only, 17.6 % (85/482) of those with an interpreter at discharge only, and 14.9 % (178/1192) with an interpreter at both admission and discharge day (Chi-square=19.5, df=3, P<0.001). Table 5 shows that the logistic regression model predicting readmission that included patient age, gender, severity of illness, language, length of hospital stay in days, and receipt of interpretation as independent variables was not statistically significant (Hosmer & Lemeshow Test Chi-square=8.10, df= 8, P=0.42). However, adjusted for age, severity, LOS, and language, patients who received interpretation at admission and/or at discharge were less likely to be readmitted with 30 days than patients who received no interpretation.
DISCUSSION
Our research shows that LEP patients who did not receive professional interpretation on date of admission and discharge experienced a more lengthy hospitalization with an average of Statistically significant differences in mean patient age and severity of illness among patients with encounters with interpreters, ANOVA, P<0.001 1.5 days longer than LEP patients who received these services. Specifically, a patient's access to professional interpretation at admission seems to have had the greatest effect on LOS. In addition, patients who do not have access to interpretation at admission or discharge are more likely to be readmitted within 30 days. We controlled for variables that were most likely to affect LOS including age, gender, severity of illness, primary language spoken and major type of illness. There are still a few limitations to the study, though. The first is our lack of a calculated LOS for an English-speaking comparison group. Despite this omission, we were able to show a statistically significant difference in LOS within our group of LEP patients. The other unknown information concerns how often family members or untrained staff are providing interpretation or whether bilingual providers were able to speak directly with patients during provision of care. This may explain why some patients received professional interpretation and others did not. Research has shown a negative effect of using family members to interpret, with more confusion as a result. 6 One might hypothesize that this is more likely to adversely affect LOS. In comparison, bilingual providers have a positive impact on patient satisfaction and understanding of their illness. 4, 13 Thus, they may be more likely to shorten LOS potentially decreasing the patterns of LOS we observed in our analysis. These types of "untrained" interpreters may also explain why some patients did not receive qualified interpretation at various times during their admission. In addition to unqualified interpretation use, it may be that a qualified interpreter was used in the emergency room, but the admission day wasn't recorded until the following day when the patient was formally admitted to the hospital. Our data does not include time of admission, which may have clarified this situation. Hypothetically, this situation would more likely positively influence LOS. Finally, it has been shown that often interpreters are not called because of inadequate access to professional interpretation and time constraints, but in her 2011 study on resident use of interpretation, Diamond et al. found that time and access are not the only issues, but the reasons are more complex with residents often just feeling they can "get by" without an interpreter.
14 At the time that this study took place, very little phone interpretation was being used in our hospital system, so providers relied upon on site professional interpreters.
Another limitation includes that the study took place within one institution and may not be entirely applicable to other hospitals. Socioeconomic status of our patients was not collected and may affect a patient's ability to advocate for interpretation. Our patients were from diverse ethnic backgrounds; however, they all had limited English proficiency that may have similarly impacted their length of stay. We also do not have data on the mental health and alertness of the patients. If a patient was unable to communicate because of decreased mental capacity, and his family all spoke English, an interpreter may have been less likely to be called. Of note, we did not include patients that were admitted for purely mental health reasons. In addition, a patient's language preference is entered into the hospital's registration system any time a patient is seen within the system, so even if language preference is not able to be collected at admission the data may already be recorded from a previous visit to the system, or would be obtained from a patient's health care proxy. Although mental status would certainly affect LOS, it Figure 1 . Adjusted length of hospital stay among patients who requested interpreter services and presence of interpreter on day of admission or discharge from hospital. Source: Adjusted means from mixed model regression with patient characteristics (age, illness severity, gender, major diagnosis, and language) and a random effect for patient, assuming a mean age of 60 and a mean severity weight of 1.05. would also be accounted for in a patient's illness severity, which we did control for in our analysis. Another potential limitation of our analysis could result from an admission that was very brief (i.e., one to two days). Moreover, analyzing other indicators of interpretation status, such as the number of interpretations per day might be artificially high as potentially they could receive just one interpretation that counts for both admission and discharge. We did run our analysis with and without these brief admissions and found no differences in the conclusions.
In summary, this study supports an argument for the use of professional interpreters by reducing length of stay and 30-day readmission rates for LEP patients. The impact on a hospital that cares for a large proportion of LEP patients could be significant. Best practices are still being developed to help institutions determine when telephonic interpretation is equally appropriate as on-site interpreters as this method can sometimes help alleviate some of the financial burden of providing interpretation. Interpretation at admission seems to be especially important as it has the greatest impact on LOS. This intuitively makes sense since a patient's history accounts for approximately 70 % of the necessary information to formulate a correct diagnosis. Further research could be directed at controlled studies that target LEP patients to receive professional interpretation at admission as compared to LEP patients who may or may not receive these services. The likelihood of a patient being admitted within 30 days of discharge seems to be associated with having an interpreter at either admission or discharge. As more research is done on the economic impact of inadequate interpretation for LEP patients, the business case for providing interpretation will be established and offer support for a model in which providing professional interpreters makes good medical and economic sense.
